LTOC 



S3> 



titbit*. 



a,UK Patent Application „.,GB „■„ 2 133 002 A 



acid. 

Th« product* of (a) and <b> ara 



10 Jul 1M4 
MTtt 1 C070 107/2* 
A01K 11/40// 
CUiO 101/04 101/107 
C07O 207/28 

'* 2> C3c"«341 200 202 20V 
216 247 2 SO 261 26V 
2SX 28V 30V 311 314 
31V 321 323 326 32Y 
334 336 339 342 34V 
361 362 3 SO 361 366 
367 3M 36Y 386 387 
380 440 46X 46V 47X 
490 603 60Y 681 620 
623 626 628 62X 62V 
660 662 666 668 66X 
676 666 761 762 802 
80V AA KK IK LU LZ MO 
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(67) 4-Amir>o-&-*«x«no»c acid ia pra- 
parad by: 

(a) raacting 6-oxo-2-pyrrolidina- 
acatonitrila with hydrogan and di- 
mathylamina in tha praaanca of a 
palladium catalyst to form N.N-di- 
ir»4rthyl-2-(5 , -oxo-2'-pyrrolidinalathy- 




(b> oxidising N.N-dimathyl-2-{5'- 
oxo-2'-pyrrolidina]athylamina to 
produca tha corrasponding N-oxid* 
darivativa; 

(c) pyrotyais of tha N-oxida dari- 
vativa to form 6-vinyl-2-pyrrolid»- 
nona; 

(d) optionally, taparating N.N-di- 
mathyl-2-C6*-oxo-2*-pyrrolidina)ath¥- 
lamina by-product from tha 6-vinyf- 
2-pyrrolidinona product; and 

(a) hydrofyiing 5-vinyl-2-pyrrolidi- 
nona to form 4-amino-6-haxanoic 



tiiw i i ft Cm 



^ZszsJ^ s- vinyl -2-PyR*0LiDl*0^ 

WTeRMeDlATg + 4- AMINO- S- 

H exe*oic ac*>, use^c a* i«wve»ni| 

lUHlBlToA OP GAMMA -*Mi*0 5UT/A.C 
Kil> TftfWSAMlMASe ^0* T*eAT.fJ& g 
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a directed to a novel proce s s tor pf sparing 4-emino-5-hexenoic acid and 

„ , ■ 4-vinyM^minobutyric acid. y-vinyl-Y-sminobutyric 

acid or "vinyt-GABA'') m described in U.S. Patent 3.960.927. 4-Amino-5-hexenoic acid is an 
b> inhibitor of r aminobutyric acid transaminase (GABA-T) and is, tharafora. capable of 
g the level of remmobutyric acid (GABA> in the CNS. The compound is useful for 
■orders ssanriatart with depletion of GABA levels in the CNS. for example, tardive 
i. schizophrenia, and seizure disorders such as epilepsy. The biochemical and pherme- 
t rnffftsre' •facts of 4-erni«o-5-hexeno»c acid are described in Lippert at ml.. Eur. J. Btoehmm.. 
74. 441 (1977). Metcerf. Oochermca' Phmrmmeoiogy. 28. 1705 (1979). lippert et a/.. Brmm 
IS ITun ifi ffuaenn. 5. 3/5 (1980). and PaHreyrnan eta/.. Bioch*micml Phmrmmcoiogy, 30. 817 

''thS? Patents 4.178.463. 4.235.778. and 4.254.204 disclose the preparation of 4-emino-S- 
heMonoir acid by reacting a suitable derivative of 2-vinylcyciopropane-1 . 1 -dicarboxylic acid with 
ammonia to form a 3-{carboxy-. carboxamido-. or tert-butoxycarbonyl>6-vinyl-2-pyrrolid i nono 

20 and Ueaxinu the 3-{carboxy-. carboxamido-. or rer*butoxycarbony1>5-vinyl-2-pyrrolidinone with a 
strong acid. The patents also describe the decarboxylation of a 3-fcarboxy-. carboxamido-. or 
l»r»huSoxvcarborryfl-6winvt-2-pyrTo4idirK>T>e to afford 5-vinyl-2-pyrrolidinone which can than be 
LonuonorJ via bromination and dehydrobromination to 5-ethynyl-2-pyrrolidinon*. ' ,h»eh c*r> be 
hydrotyiod to 4-eminohex-5-ynoic acid. 4-Aminohex-5-ynoic acid is described in U.S. Patent No. 

25 3.959. 356 

In a first process aspect, the present invention provides a process for preparing 5-vmyi-2- 
pyrrolidmono which comprises: 

(a) reacting 5-oxo-2-pyrro(idine-ecetonitrile with hydrogen and dimethylamine in the pre s ence 
of a paaerliiim catah/st to form N.N^imethyl-2^5'-oxo-2'-pyrrolidine)othy1arnine; 
30 (b) oxidizing N.N-dirnethyl-2-{5'-oxo-2'-pyrrolidine]ethylamine with an oxidizing agent to pro- 
duce the corresponding N-oxide derivative: 

(c) pyrofysis of the N-oxide derivative to form 5-vinyt-2-pyrrolidinone: and. optionally. 

(d) separating N.N-dimetrn^2-{5'-oxo-2'-pyrToJidine]etriylamirw by-product from 5-vinyl-2-pyr- 



35 In a second process aspect, the invention provides a process for preparing 4-am«no-5-hexenoic 35 
acid which comp ris es preparing 5-vinyt-2-pyiTolidinone according to Steps (a), (b). (c>. and (d) aa 
deecrioed hereinabove and then hydrotyzing the 5-vinyl-2-pyrroiidinone product. 

m a third process aspect, the invention provides a process for preparing 5-vinyi-2-pyiTO*kJ»- 
none which compr ises the pyrorysis of the N-oxide of N.N-dimethyl-2-{5'^o-2'-pvrrolidtne)ethy- 

40 lamina and. optionally, separating N.N^imemyl-2-{5'-oxo-2'-pyrrolidirw)ethylamine by-product 40 
from the 5-vmyl 2-pyrrolidinone product. 

In a fourth proce ss aspect, the invention provides a process for preparing N.N- dw net hy l-2- 
(5*oao-2*- v y''olidinone)ethy la mine. or the N-oxide thereof, which comprises reacting 5-OSO-2- 
pyi i uhilw loacasnniii ila with hydrogen and dimethylamine in the presen c e of a palladium catalyst. 

46 and. whan the N-oxtde is required, oxidizing the N.N-dirnetrty4-2-{5'-oxo-2'-p^ohdirK)r»)ethyla«n- 46 
ina product of acid rea ct ion. 

The preoerabon of N.N-dirrwtfn4-2-(5'-oxo-2^pyrrolidinone)ethylamine. the N-oxide thereof. 5- 
wmyf-3-pvriolidinone. and 4-amino-5-hexenoic acid from S-oxo-2-pyrrolidine ac eton i t ri le is de- 
picaad ■chemeticeay below in FIGURE 1 : 

20SS 
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Clr* - 



20 0 | CHjCMjN(CH 3 )j 



rria^tha pm^^ofTp^todtum catalyst, such as pal* 



40 aiununium oxido (AI.OJ to produca N.N^irnathyt.2^'^xo-2^py m> li u^ y ytamrns i <3). Th» 
raoction is analogous to that daacnoad by Kiwttar at a/.. Arch. Phrm.. 281 184 (I960). Tha 
reaction can ba carriad out in an inart sotvot. prararabry a (C,-C>lteaoo< or waasr. t s 
tamparatura from about 20 to 100'C. Ambisnt tamparatura it prafarrad. Tha hydrogan ga» 
praaaura can ranga from about ona a t moophara to about 20 atmoapharaa. Two atniuaphaiaa art 
45 prafarrad. Tha raoction bma w* vary dapandtno upon tha tamparatura and praaaura. Jh» 
product of tha roacoon is ra co varad from tha raoction mixtura by convormonol proca aurao. A 
pialanad proeadura invorvas Muring tha raacuon mixtura to ramova tha catalyst svaporating 
tha sorvant from tha Mtraw togivaa raaidua. and delating tha raaidua undor vacuum. Thai 
proeadura ami ramova dimaric and thmanc by-products which intorfara with tha noxt stap of tha 

50 Pr *"sa*p ft H,M dimad>y<-2^6'H^2'-pvTTotklifw)a<hYtamina (2) it oxidaod in mannar known 
par at to grva tha corraapondrng N-o«da darivatrva (3). Tha oxidizing »0ant amproyad «n Stap B 
can ba any raagant known in tha art to ba uasful for oxidizing a tarttary amina to tha 



nwipt apparant to thoaa akMad in tha art. A prafarrad raagant it hydrogan P^oxida in 
for axampla. 30% hydrogan paroxids watar. or in a (C,-CJatkanol. for axampra. mathanoi 
or tthanoi. or mixturat tharaof Organic parsods. such as paracatk acid, rjarformic acid, 
parbarttoic acid. /rH^oporbantoic acid, or parphthalic add can arao ba amptoyad Tha 
fotowing ara aiampias of servants that can ba uaad with organic paocids: laualiydiofuranand 
60 chloroform (parbonzoic and wnJOuiuparbar a oi c acid), bancana (parbanzoic aodji^diathyl athar BU 
(paracatic acid). Paracatk acid can arao ba uaad without an additional servant. Othar owdorng 
agants ara inorganic parsods. for axampra. paraulfuric sod. and ozona. rraraurfuric aod can ba 
uaad without an additional aotvant. Ozona can ba uaad in chloroform or dikita aurfunc aod. For 
tha parsods. tha oxidation raoction can ba carriad out at a tamparatura ranging from about - o 
65 to about 50 'C Ambiant tamparatura is prafarrad For ozona. tha raactton can ba carriad out at 65 
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- 7«-C Th« N-onde d*nvebve is lN ov*nd from the oxidation rMCtion mixnw but n««d not 
■■ihnini .. c .,. mn i. 3o«t hvdroaen p«fo»kh *r« *f is employed as tne oxiauing 

S^^^^S ™£SXZS\» «e«ingthe r ^ m,rtur# W,,hplat " ,,um 

' r other suitable peroxide-destroying reagent) to destroy 



I*. fi l t er i ng the mixture, extracting 



filtrate with chloroform, separating the aqueous 



from the aqueous phase to give the N-oxide derivative as a 
Step C the N-oxide <*eriv«ive (3) formed in Step B undergoes the Cope •■j"™«*» n * 

_ _ . . a .- -r\ .« Mf>Amnliihia in manner Known m 



to afford S^rinvi-2-ovrroiidinone (4). The elimination is accomplished in manner Known pm 
S^ryiToT^^o. SnvJlive. Usually the pyrolysis will be earned out "t-tempjen 
*3tl4<rC under reduced pressure. Suitably the temperature of the 



140 to about 185*C. preferably 1 50'C. Conveniently the pyroryswca 
u.y under reduced pressure so that the product. 5-vi nyi- 2 -pyrrol id inone . wtH 
y distil from the reaction mixture. The elimination reaction may be eccr 
deoxyyenation reaction whereby N.N-dimethyl-2-[6'-oxo-2'^olidine}eth^^ 
a by-product When the pyrorysia is carried out under reduced pressure, the byproduct 
from the reaction mixture along with 5-vinyl-2-pyrrolidinone. If it is desired to hpm» 1 
oroduct an aqueous solution of the distillate can be treated with a sufficient amount of 
20 ^e^changTr^n. such as Amberlite IR 120. M* form, until the «o»ulionshow» 1 
whereby the basic by-product becomes bound to the acidic resin and is effectively 
solution containing the desired product. The resin containing the by-product and I any 
resin can then be separated from the solution by filtration. The neutral aqueoushttrsts 
used directly in Step 0 or it can be further treated in manner known per se ****** to 
25 S-vinyf-2-pyrrolidinone. The recovery of 5-viny»-2-oyrrolidinone can be eccc^tshedby 
^ngJTt from the neutral filtrate to give a rewdue. and distilling there-*- 
5-Viny*-2-pyrrolidinone thus obtained can be re-dissorved in water, and the 
be subsequently used in Step D. 

If desired, the resin which is removed by filtration can be treated 

30 regenerate N.N-dimethyl-2-{5'-OKO-2'-pyrrolidinelethytamine (2). which can then be 

St«P B. _^ . 

Other methods known in the art. such as chromatography, can be 

^n^SpoTs-vinyl-2-pyrrolidinone (4) is hydroryied in known manner per a* to give 
35 desired final product. 4-amino-5-hexenoic acid (5). Conditions for opening the 
•od hydrolysis are well known in the art. For example, a strong acid, such as 
or trrouoroacetic acid, can be edded to an aqueous solution of 5-vinyi-2-py - 
example, as obtained from Step C) and the resulting solution can be heetei 
60*C. A most preferred hydrolysis procedure is to heat 5-vinyf-2-pyrrolidinone m 5* 
40 hydrochloric acid at a temperature of 95 to 100'C. 

In the acid hydrolysis performed in Step O. 4-amino-S-hexenoic acid forma an acid 
lent in the reaction medium. The acid addition salt can be 
1 solvent from the reaction medium. The residue can be 



n known manner so as to 



such as recrystellization. If desired. 4-emino-6-hexenoic acid in U 
erion can be obtained by contacting the acid addition salt with a 




base. The free bese or zwmerton thus formed can be isolated by conventional m ea ns , 
•xempte. when the hydrolysis of 4-emino-5-hexenoic acid is carried out using 6% 
acid, the raaidua obtained after evaporation of solvent from the reaction medium « 
etrianof/isopro pa nol. triethylamine is added to the resulting solution to pH 7- 8. and 

SO ia se oe i ate d by precipitation. The prectoitate can be purified by dissolving it in watei. 
the resulting solution with charcoal (90 X). filtering the mixture, and adding ethanoi m 
aopropeno l to the filtrate. Pure 4-emino-S-hexenoic acid will crystallize upon stenoSng 

FIGURE 2. set forth below, depicts an appropriate method for preparing S-oxo-2 
scetoni trite (1). which is the starting materiel employed in the process — ■ 

55 FIGURE 1. Step A. Compound (1)]. 



S'C. 
Mine 
[See 
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FO.CCM^CHjCHCO,^ 



40 

In FIGURE 2. R is (C,-C,)elkyl group and -0Y it p-toluenesulfonyloxy (tosyloxy) or rnelhaneaurto- 
nyloxy (mesyloxy) . 

In Step £ L- or DL-glutamic acid (5) is estenfiad in known manner to give the d tester (6) Any 
conventional esterification method can be used. For example. I- or DL-glutamic acid (6) can be 
45 treated with thionyl chloride and ethanol to give diethyl glutamate. 

In Step F. the diester (6) undergoes a cyclization reaction to give a pyroglutamic acid ester 

(7) . The cyclization is accomplished in known manner by pyrolysis. The temperature of the 

" pyroh/sts can range from about 1 50 to 200'C. It is preferred to carry out the pyrolysis under 
reduced pressure so that the pyroglutamic acid ester (7) continuously distils from the reaction 
50 mixture. 

In Step G. the pyroglutamic acid ester (7) is reduced to give 5-hydroxymethyl-2-pyrrolidinone 

(8) . The reduction conditions employed must be capable of reducing the ester carbonyl without 
reducing the lactam carbonyl. Suitable reducing agents are lithium borohydride in tetrahydrofu- 
ran. sodium borohydride in water or ethanol. or DIBAL-H Sodium borohydride in water or 

55 ethanol is preferred. 

In Step H. 5-hydroxymethyl-2-pyrrolidinone (8) is converted in known manner to the 
corresponding tosyloxy or mesyloxy derivative (9) One method is to treat 5-hydroxymethyl-2- 
pyrrolidinone with tosylchloride or mesylchloride in dry pyridine. Another method for carrying 
out the transformation involves reacting 5-hydroxymethyl-2-pyrrolidinone with tosylchloride or 

80 mesylchloride and sodium hydroxide in methylene chloride/water in the presence of a phase 
transfer catalyst, such as tetra-n-butylammonium hydrogen sulfate. 

In Step /. the tosyloxy or mesyloxy derivative (9) is converted in known manner to 5-oxo-2- 
pyrrolidine-acetonrtrile (1). The conversion can be accomplished by treating the tosyloxy or 
mesyloxy derivative (9) with sodium cyanide and sodium iodide in dry dimethyltormdmide 5- 

65 0>o-2-pyrroiidine-acetonitrile must be obtained free of sodium cyanide to avo t interferences 
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ar~no-&-ne>en<MC aod anrl the intermediates thereto shown .n Fig 1 can e rBCO _ njied 0Y 
pur. eo*«t.omec or . mature of en.nt.omers. such as the racemate * wl mikMach 
5 tf*»e skrited .n the the processes c« this invent.on can be • m ?^^*°™* 9 V? n ot o( the 
MtaUnuRy pur, ind,vidu*l enentiomer or the racemate of ^ mi «% S -%" n ™"£^jl t ™ t . 
«£Z^ZL*7**»*to. depending upon the optical configuration ^^^^If^Z^* 
trrte. w*.c« .. used a. the starting material of the over-all | process (See S* »p . ^ ^ M J h « 
starting meter-l* and the intermediates and products produced therefrom by the process 
10 depicted in Fig 1 are shown below: 



Sterling Material 
(Compound 1) 

(SKS-o»o-2- 
pyrrofidine- 
acetonitrite 



(R.S>-5-oxo-2- 

pyrrolidine- 

aceionttrile 



(RV5-o"0-2- 
pyrrolidine- 
•cetomtrile 



Intermediates Product 
(Compounds 2. 3. and 4) (Compound 5) 



(S>-N.N-dimethyl-2- 

[5'-oxo-2'-pyrrolidine] 

ethylamine: the N -oxide 

thereof: and (S)-5- 

vinyl-2-pyrrolidinone 

(R.S)-N.N-dimethyl-2- 

[5'-oxo-2'-pyrrolidine] 

ethylamine; the N-oxide 

thereof: and (S>-5- 

vinyl-2-pyrrolidinone 

(R)-N.N-dimethyl-2- 

[5'-oxo-2*-pyrrolidine] 

ethylamine. the N-oxide 

thereof: and (S)-5- 

vinyl-2-pyrrolidinone 



(S)-4-amino- 

5-hexenoic 

acid 



<R S>-4- 
amino-5- 
hexenoic 
acid 

(R)-4-amino- 

5-hexenoic 

acid 



It has been found that the b.ologically act.ve enant.omer of <4)-am.no-5-hexenoic acid is the 
( + >-en.nt.omer which is (S)-4-am,no-5-hexeno,c acid Thus, the pure biologically act.ve (S r 

35 enant.omer or the racemate (i.e. the R.S-form) of 4-am.no-5 -hexeno.c ac.d can be employed m 
vrvo to inhibit GABA-T enryme The biologically inactive (RJ-enantiomer of 4-amino-5-he«enoic 
•cid can be converted, however in manner known per se to the <R>-enantiomer of 4-ammonex- 
S-vnoic acid The method for preparing (R)-4-aminohex-5-ynoic acid from (R)-4-arr.no-5- 
he.enoic ac.d .s illustrated in Examples 10 to 1 3 The convers.on of 5-vmyl-2-pyrrol.dmone to 4- 

40 •m.nohe«-5-yno.c acid via 5-ethynyl.2-pyrrohd.none >s also descnbed in U S Patent No 40 

* The biochemical and pharmacological effects of 4-ammohex-5-ynoic acid are described in 
Jung eta/ Biocham and B.ophys Res Comm. 67 301 (1975). Jung era/ J fWocnemis- 
rrv 28 717 (1977); Jung er at Biochemistry. J 7 2628 (1978). Bouclier er at., fur J 

45 fW^em 98 363 (1979); Biochem Pharmacology. 28. 1705 (1979); and Uppert at at . Brain 45 
Aeseercn Butt . 5. 375 (1980) It has been reported by Lippert ef at . supra and Bouclier at at . 
supra, that the ( ■*■ >-enantiomer of 4-aminohex-5-ynoic acid, which is (Sr-4-aminone«-5-ynoie 
acid is the only enant.omer of 4-aminohe«-5-ynoic acid which w.ll irreversibly inhibit G A8AT . 
More recent experiments have demonstrated, however, that the (R)-enantiomer is an irreversible 

SO inhibitor of GABA-T both ,n wvo and in vitro For example. (R>-am.nohex-5-yno.c ac.d gave the W 
follow effects on GABA-T activity and GABA concentrations in mice brain using the test method 
of Jung ef al . J Neurochemistry. supra: 



Dose (mg/kg) 


% Inhibition 
of GABA-T (a) 


GABA Concentration 
% Control (a) 


control 


0 


100 


25 


31 


103 


SO 


50 


125 


TOO 


66 


180 


200 


81 


275 



(a) 4 hours after miection of the test compound i p 
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f .,.,. vr .,- 1 .,. l i M i..f»uMiiiin 



Pi 



,n . Chron* experiment . 9 rocp Of hve «» W.S 9-V.O -rt dj^ojjj * J^ B ^^ R) - 
♦^no^.-S-yoo-c aod A separate -"J ^.Twa, ^1 rest" the 

rKTEiifS itrsrts - - -» - *•* Th ~ - Hec " 

withm 3C .unutes but 24 hours later the animals were dead 

S)?5 0.;2-py"oW,ne-acetonitri.e [Compound (1)] and its prep.rtl.on from L-glu1.m,c ~* 
. v.. (s'5..os yl o P « V ymethy.-2-pyrro..dinone by «h« ireact.on ^n«|^< - Fig 2 (S ep. E. P. 
G H. and I) are described by Hardegger and On. He** Ch.m Acta j». I s aiK) 0t 

reduction o ethyMS)-pyroglutamate with sodium borohydnde it. ethanol is described by Sa.,o at 
20 T?Z,%VrnB". 28. M49 (1980) The 'f^*^***^™^** 
Irth.um borohydnde is descnbed by Bruckner et al. Acta Ch,m Hung 21. 105. 1 18 «"» 59 >. 
The preparation of ethy H S>-pyrog.utamate from diethyl L-glutamate descnbec lb Fischer and 
Boehnei Cham Ber . 44. 1333(191 1) and Abderhalden and Wield. Hoppe-Svler s Z f 
Physiol Chem . 74. 459 (191 D iu^ im ..hwl 5 f«l' 

25 In its compositions-matter aspects, the present mvention comprehends N.N-d.methyl.2-l& 
oxo-2'-pyrrol 1 d.ne]ethylam.ne or the N-ox.de thereof, or an acd addition salt thereof 

The following Examples will illustrate processes for carrying out the invention As employed m 
,h. Examples. THF" means tetrahydrofuran and DMF' means dimethylformam.de. Drying of 
organic extracts was accomplished using anhydrous sodium sulfate. 

Example J 

Ethyl L-pyroglutamate .,.,,„.„ 
Thwnyl chloride (217 ml) is slowly added to a stirred suspension of L-glutamic ac.O (*i / g) 'n 
dry ethanol (1 I), and the mixture is refluxed for 5 hours Ethanol is removed under vaccum to 
35 give a res.due. which is dissolved in water (500 ml) The water solution .s made alkaline with 
saturated sodium carbonate solution and extracted with chloroform (4 X 200 ml) The chloro- 
form extract is dried (Na,S0 4 ) and evaporated to give crude product (1 78 g) This material is 
heated (160'C) under vacuum (10 mm Hg) for 3 hours Subsequent distillation gives pure _ethyt 
L-pyroglutamate (1 26.6 g: b p. 126T/0 07 mm Hg. [a] 0 - -2. IS* ±0.01 (H } 0. c- 17.8) 

Example 2 

(S>-5-HydroKym0thyl-2-pyrrolidinone 

Under an atmosphere of nitrogen, ethyl L-pyroglutamate (31 4 g). obtained as in Example 1 
dissolved in THF (100 ml), is added slowly to a stirred suspension of lithium borohydnde (8 g) 
in dry THF (260 ml). Ouring the addition, the temperature is kept below 40'C. The mixture is 
then stirred at room temperature for 48 hours Water (50 ml) and THF (1 50 ml) is added and 
the resorting mixture is stirred overnight. Filtration (methanol washing^and evaporation of 
solvent gives a residue which is digested with methanol (100 ml). The mixture is filtered 
(chloroform washing. 100 ml), evaporated and dissolved in chloroform again. Fixation and 
give the title compound as an oil 24 2 g. 



30 



40 



50 

fxempto 3 

(S)-5-{M#thane»ulfonyloxy>methyl-2-pyrrolidinone 
Crude (S)-5-hydroxymethyl-2-pyrrolidinone (13 g). obtained as in Example 2. dissolved in dry 

55 pyridine (120 ml), and cooled with ice, is treated with mesylchloride (10 ml), keeping the 

temperature below 5X. The mixture is allowed to warm to room temperature and is stirred for 1 
more hour Water (2 ml) is added, and the mixture is stirred for 10 more minutes. The solvent is 
removed under vacuum, and the residue obtained is digested with dichloromethane. The 
mixture is filtered (methylene chloride-washing) and solvent is removed by evaporation to give a 

60 residue The residue is dissolved in water (100 ml) and the resulting solution is treated with a 
cation exchange resin (H Morm. 2 g) and an anion exchanger (OH --form, 2 g) Filtration and 
evaporation give en oil which is dissolved in chloroform. After removal of insoluble m »»'^ 1 - 
drying and evaporation give crude title compound. 16 8 g. This material is recrystallized from 
cold methanol to yield 12 12 g. 
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(S>-S-Ouo-2-f>YrTolid<ne-acetonitnle „„„„iidinone (19 3 9). obtained as in 

A m >rt ur. ol (SVS-tme,h.ne,ulfony.o.Y]m^hv. rf 2-pyrro(.d none <™- £ « (1 qq m |) ; s birred 
Eumpl. 3. sod.um cy.n.de (7 3 g>. sod.um ^J*° m ^ZZZ tmW * overnight Sails are 5 
5 end halted .t 90X tor 3 hour, Stirr.ng .s con,, " U ^. a l^,"^btained on evaporation i, 
removed by fiction (d.chlorometh.ne ~«^>J, h * °„. and the filtrate » 

drs»o*vd .n dvchtoromethane (50 ml -nsoluble mater,. .Vcornpound (1 1 .4 g) crystallizes upon 

SSS^AT^ ethef 9,VM ,he pure t,,,e 10 

10 compound (9 2 g) 

(Sh^OMlW-W'*' 0 - 2 ^^ 42 g 80 mmole). obtained at in 

Vo a sol-ion of (S>-5^*o-2.pyr. oWine-aeetWrtrile 19^ go ^ ^ a<Jded , « 

1 5 «■ - -*-?ol (80 ml). . ,33% £^ * ^ * ^ pfW „ C e of paLediurrvorv 

^r,^ir"^ <■■« 9 , „. P . 

10S-1 10X/0 15 mm Hg. ^ 
20 Exampta 6 

<Sk5 Vinyl-2-pyrrolidinone „„,:j inA uthvlamine (3 69 g). obtained as in Example 5. 

(S^N.N.D.methyl^^x^ Aftef 2 h 

dissolved .n water ( 1 0 ml) is J J irr in | is continued for 60 hours A th.rd 

more hydrogen perox.de (2 66 g) is added « g cont|nued for , notn «, 2 

25 portion of 30% hydrogen perox.de (2 .65 g) is \ non "° e ^ of nYdrc .g e „ peroxide .s destroyed 
8 hour, t ? complete the ^ -ess of^ V „ , ^ to , 

by stirr.ng (1 2-24 ho."-, ' ' ew mg ° T| * _, xture it filtered and evaporated to give the 
w.,h -Merekoquan'. peroxide te ,.t paper The m « u re .s t, te ^ ^ (Q , 

crude N-ox.de (p esumably as a hydrate) as an , o. (*_ / g, ^ , ne tlt „ compound 3 

2HV-oxo-2'-pyrr<jlidinelethylam.ne 

Exan.ole 7 ' 
35 ' S ^;?r0.v , "»r2°«^i~"« (1.97,). ob.a.n.d a. in 6„.mpl. 6, i» h..»d «5« 

(no R- isomer detectable). 

45 
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(S>-5- Toiylo*yrr>ethyl-2 pyrroltdinon« 
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Em>. ( U-pyrog.ut.m.t. (15 7 9 , dissolved in water 50 > . % tQ up 

.ohMon of sodium borohydr.de (2 2 g> .n water <50 ml ^ h. 2Q Ace (5 

. oo^our pe. ...1 after which it .. stirred at ^^"^.vent .s evaporated to give a dry 
mi) .» added and the st.rr.ng n continued to 3 ° m '"° u , " n , 5 . hen concentrated to 8 volume of 
5 ,«Ldue wh*h .. dissolved .n water (100 ml. The sc lut.on .s £e ch|oride <n 8 10 g) .n 

40 ml To the concentred solut.on »'« ^^^"^^ydrogen sulfate (1 03 g) The result.ng 
d<h.orom«th.ne (100 ml) and fefra -rvbutyl a"™™",^ ° The orgamc layer ,s separated, 
rm.ture .. stirred v.gorous.y for 42 ho »" « (50 The organic layer, are 

.nd the aqueous layer extracted w.th dich.o °™ ,h ^ io <* ° v , hich ia re crys«al..zed from toluene 

(c - 2 64 EtOH) 
£* ample JO 

15 (Ry-S-Vmi Z-pyrrohdmone . >onn] . , cid (2 58 o 20 mmoles) m methanol U« 
To , WW •< ">'- 4 H * m ' °»h '» coo"/ Alter r.Hu.mg '<»' 3 5 hoo-.. 

jo Tssrssrx » srsssi" «-° 2 mi 2 1 7 - 2 58 ,2H m ' 3 " 0H " 

J - 7 Hi). 3 67 (3H. s): 4 87-6.10 <3H. m) (or 40 hours Distillatton m a Kugelrohr 

^H^O " - " * <* « - '» 

" ^, 8 COcf., 0 S °? .7-2 S3 ■ «.. . 13 ,.M. « »" 6 " 

7 53 ( 1 H. broad s) 

Example 1 I 

30 ( RySlV.2'Hi t bromoethyth2-pyrrolidmone & mmolM) obta.ned as m E.ample 10 

To a solut.on of (R)-5-vmyl-2-pyrrol.d.non e (1 2 » 9- ^ S m mo , te1 r«:hk>rK4e 
,„ carbon tetrach.or.de ,16 ml) is added a S .lo jo * om.ne a 67 mj^ ^ Aft-f 

(5 ml) dropw.se with ,ce cool.ng .nd st.mng Dur.ng his ad« t o ^ ^ ^ 

,he addition, st.rr.ng ,S continued for 1 hour a , oorr 8no w „ he<J wlth , 0 % 

35 vacuum, and the residue obta.ned is ^so^ed ^ J'J , f made oa „ c wlh (M lKf) 

sodium bisulfite solut.on until nearly colorless \ ne^ " combined organic phase* 
sodium carbonate and e.tracted ™™™}**^™?^ chromatography on g* (20O 

Exampie 12 

_ 60-C and - 65"C. The mixture is a«low«J to w-rm up ,o - 20 C . * „ dllut ^ 
v^orou^y «.rred ic«oW tolutior. of acet.c bc,6 (2 5 9 | n w .rjlO mj Th. # ^ 

50 wrthth* (SO ml) The «,ueous layer is »P* rBl | ^7 , «*' ^"1^^ dr«<J and evaporated to 
ertn^aed twice with dichloromethane The ^^^X^^ZTioml). and «>d.um 
give an oil which nill conta.ns acetK: Bc.d h is dissolved ' ^ . nd ev.por.tK>n 

Lrboc-te « ^ded until basic Three "tractions w. h d« ^oromet h a r^ Jnr g ^..^^hy, 
a- an o.. (0 62 g) which ,s P^^^^S^)^^i^»^ compound .. 

55 estate /chloroform /methanol 3 2 2 1 R« ^M™ 2ll > + 1 5 82' ± 0 06" 
obta.ned as a white solid <0 33 g) [a]° (&OM c - 31 >. + 1 b ° f * " 
NMR (CDCI,). 6 1 92-2 73 (5H. m): 4.40 (1H. m). 7 95 (1M. broad s) 

Eimmpte 13 

60 (R)~4-Aminoh9*-S-Y'>oic rnckt i. treated with 2N hydrochloric acid 

(RVS-Ethynyl-2-pyrTO..dinon.. obta.ned a. .n Examp . 1 ~ .^ob,.^ The 

„ 100X tor 6 hours Sorvent is removed by ^^J^JZTo^ denv.t.ve. and the 

o^r:^ ^ o< 100% no s 

6 5 enaniiomer detectable 
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CLAIMS 

5-v.nyl 2-pyrrc4idinone which comprises the pyrolysis of the N- 
xo-2'-pyTrolidine)ethylamine. 

i Claim 1 wherein the pyrolysis is carried out at a temperature of at 
laaaj 1 40*C under reduced pressure 

3 A puiraaa aa claimed in Claim 2 wherein the temperature is in the range of 1 40 to 

18S " C 

1 in Claim 3 wherein the temperature <s about 1 50 C. 
_ J in any one of Claims 1 to 4 wherein an aqueous solution of the 

a is contacted with an ion exchange resin to remove N,N-dimethyl-2-[5'-o»o-2'- 

»)ethytamine by product and the resin is separated from the treated aqueous solution 
6 A process as claimed in any one of Ciaims 1 to 5 wherein the N-oxide of N. N-dimethyl-2- 
[5 , -o*o-2 , -pyrTOI»dine)ethvlamine is in the form of the <S)-enantiomer 
IS 7 A procasa as claimed in Claim 1 and substantially as hereinbefore described in Example o 

*8 5-V.nyi-2-pyTTol>d.non« whenever prepared by a process as claimed in any one of Claims 
1 to 7 

9 5-Viny»-2-pyTTOIidina as claimed in Claim 8 in the form of the <S>-enant.omer 
20 10 N.N-Oimathyl-2-l5'-oxo.2'-pyrrolidine)ethylamine. or the N-oxide thereof, or an acid 

* d n W r^N-Oima^yl-2<5'-oxo-2'-pyrrol(dine]ethylamine. or the N-oxide thereof, or an acid 
addition salt thereof, as claimed in Claim 10 in the form of the {S>-enantiomer. 

12 A procass for prepari g N.N-dimethyl-2-{5'-oxo-2'-pyrrolidine]ethylamine. or the N-oxide 
25 thereof which comprises reacting 5-oxc-2-pyrrolidine-acetonitrile with hydrogen and dimethy- 
lamine m the presence of a palladium catalyst and. when the N-oxide is required, oxidmng the 
N.H-dimathyl-2-f5 , -oxo-2'-pyrrolidine]-ethylamine product of said reaction 

1 3 A procasa as claimed in Claim 1 2 wherein the reaction with hydrogen and diethylam- 
ide is earned out in a (C,-C,)alkanol and/or water at a temperature of 20 to 100"C and a 
30 hydrogen gas pressure of 1 to 20 atmospheres and the catalyst is palladium-on-banu 
14 A procass as claimed in Claim 13 wherein the temperature is an.bient t< 
tha hydrogan gas pressure is 2 atmospheres. 

15. A procass as claimed in any one of Claims 1 2 to 14 wherein the N.N-dimethyl-2-[5 - 
oao-2'-pyrTolidina)-ethylamine product is oxidiied to the N-oxide thereof 

35 16. A procasa as claimed in Claim 1 5 wherein • -""^ 

n water and/or a (C,-C,)altcanol. 
A procas* as claimed in any one of Claims 1 2 to 1 6 wherein the 5-oxo-2-pyrrolidine- 
^v.^rtnla is in tha form of the <S>-enantiomer thereof 

18 A procasa as claimed in Claim 1 2 and substantially as hereinbefore described in 
40 Eaampfa 5 

19 N.N-Oimathyl-2-t5'-oxo-2'-pyrrolidine]ethylamine. or the N-oxide thereof, whenever pre- 
pared by a pro casa aa claimed in any one of Claims 1 2 to 18. 

20 N.N-Oimathyi-2-{5'-o«o-2'-pyrrolidine]athylamine. or the N-oxide thereof, as claimed in 
Oatrn 19 in tha form of tha (S>-enentiomer. 

45 21 A procasa for preparing 5-vinyl-2-pyrrolidinone which comprises: 

(a) reacting 5-o«o-2-pyrro<idine-ecetonitrile with hydrogen and dimethylam.ne in the presence 
of a paMarliiim catalyst to form N.N-dimethyl-2-[5'-oxo-2'-pyrrolidine}etnylann.ne. 

(b) oxidizing N.N-dimathy»-2-{5'-oxo-2*-pyrrolidinel-ethylamine to produce the corresponding 
M-oxide derivative 

50 (c> dry pyroryars of tha N-oxida derivative to form 5-v.nyl-2-pyrrol.dinone. and. optionally. 

(d) separating N.N-dimathyl-2-{5'-oxo-2'-pyrrolidine]-ethylamine by-product from 5- vinyl- 2- 



n sulfate 
nperature and 



xidation is carried out with hydrogen 



22 A procass as claimed in Claim 21 wherein the reaction with hydrogen and dimethylam- 
Stap (a) is carried out in a (C,-C,)alkanol and/or water at a temperature of 20 to lOO'C 
hydrogan gas pressure of 1 to 20 atmospheres and the catalyst is paltadium-on-banum 

as claimed in Claim 22 wherein the temperature is ambient temperature and 
gas pressure is 2 atmospheres, 
procass as claimed in any one of Claims 21 to 23 wherein the oxidation in Step (b) is 
out with hydrogan peroxide in water and /or a (C,-C ( )alkanol. 

A procass as claimed in any one of Claims 21 to 24 wherein the pyroly*.» m Step <c) is 
out at a temperature of at least 140*C under reduced pressure 

A process as claimed in Claim 25 wherein the pyrolysis temperature is m the range 1 40 
a O'ocess as claimed in Claim 26 wherein the pyrolysis tempe'ature is about 150'C 
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i 71 to 2 7 wherein the N.N-dimethyl-2-{2'- 

28 A procMi M claimed ir. any one of Claims ^1 to * ■ 5 _ winv |-2-pyrrotidinone by 

•cMonitrite is in the form of the (S^enantiomer oroeM1 claimed .n any one of Claims 

30 S-Vinyt-2-pyrrol.dinone whenever prepared by a process as c.a.meo 

21 to 29 . „,„ im „o .„ ri.im 30 in the form of the (Sr-enantiomer 

^^SU* « SSfcE^^ of 5.v,ny,2.pyrro,„none 

cwr«d out usinfl a strong ac.d at € 10 J Bqu eou. hydrochloric acid. 

5 3*5 I 5= « ££ S ^-"SK 32 to Sphere, the B-v.ny^-pyrrofd.none 

- Se^ril?^^ P-P-O by a p oc ~ « c.a.med ,n any one of 

0 °HT ^m.nts-he.eno.c acid as claimed in Claim 36 in the form of the (SKn-ntjonw 
in 1 „™ claimed in Cla.m 22 and substantially as here.nbefore 
11 A" £££ as claimed in C, 8 ,m 32 and substant.a.ly as here.nbefore de*cr,bed. 
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